Abstract. By comparing time-series of surface air temperature (SAT, monthly reanalysis data from NCEP CDAS1 and ERA Interim) with respect to the top-of-atmosphere incoming solar radiation (the insolation), we perform a detailed analysis of the 2 SAT response to solar forcing. By computing the entropy of SAT time-series, we also quantify the degree of stochasticity.
the regions in which SAT variability is more stochastic? In spite of having important implications, to the best of our knowledge, no systematic study in the literature has addressed these issues.
Datasets
We consider monthly mean SAT data from two reanalysis data sets: NCEP CDAS1 Kalnay et al. (1996) and ERA Interim The insolation at the top of the atmosphere is calculated following Berger (1978) , as a function of day of year and latitude.
Then, monthly averaged values for every latitude are calculated. 
Methods of time-series analysis
To investigate the local response to solar forcing we compare SAT time-series in each grid point, y i (t), with the top-of-atmosphere incoming solar radiation (the insolation), in the same location, x i (t), assuming an adhoc, heuristic approach that there is a functional relation between them, y i = F (x i ). We are interesting in assessing the similarity of the shape of x i (t) and 12 y i (t) time-series, which captures the nonlinear nature of the functional relation between them. Therefore, after normalizing the two time-series to have zero mean and unit variance, we calculate the difference between them as,
Here τ i is a shift that takes into account that there can be a lag-time between the two time-series, due, for example, to inertia 16 and/or memory effects. This lag is expected to be important in the oceans in comparison with land masses, because of the larger heat capacity of water. Thus, at each location, i, the lag-time τ i is calculated such as to minimize d i . We search the minimum 18 considering τ i values in the interval [0,4] months because of the lack of physical mechanisms that could result in more than four months delay in SAT response with respect to the insolation forcing.
20
Because we focus on the mean response to solar forcing, τ i is calculated to minimize the distance between the isolation and the climatology (the averaged monthly SAT); similar results were found when considering the raw SAT time-series instead.
22
We note that, if the response is perfectly linear, after normalizing and computing the lag, we have x i (t + τ i ) ∼ y i (t) and thus, d i ∼ 0. Therefore, by measuring how different in shape the two time-series are, d i quantifies the distortion in the output 24 response (SAT time-series) with respect to the input signal (the solar forcing represented by the insolation). It is worth to mention that, in Eq. (1), if instead of using
ρ i is the cross-correlation coefficient between y i (t) and x i (t + τ i ).
To quantify the stochasticity of the SAT time-series, we calculate the classical Shannon entropy, defined as In contrast, in the entropy map of SAT anomalies, displayed in Fig. 2 (b) also for ERA Interim reanalysis, the main spatial patterns of the tropics seen in Fig. 2 (a) disappear, and only those associated with sea ice remain. This might be due to seasonality 2 in the variance, which is not eliminated when removing the annual cycle.
To check whether this is a robust result, we computed the entropy of SAT anomalies using NCEP CDAS 1 reanalysis. The extreme values (outliers) which render the associated probability distribution to be peaked in a narrow interval, which in turn results in low entropy values. In ERA Interim there are also outliers, but, because they cover a very small area, their low entropy 8
values cannot be seen in the entropy map shown in Fig. 2(b) . Typical time-series of SAT anomalies in these regions, displaying extreme values, are presented in Fig. 3 . Comparing panels (b) and (c), we note a well-defined region in the western Pacific where the two data sets display significant differences.
Conclusions
In this work we have investigated the stochastic properties of a climatological field (the surface air temperature, SAT) and its 2 response to the solar annual forcing. We have characterized SAT stochasticity using Shannon entropy, and we have analyzed the response to solar forcing, by quantifying the similarity in the shape of the time-series of the top-of-atmosphere incoming 4 solar radiation (the insolation) and the SAT, both having been previously normalized to have zero-mean and unit variance. The lag-time between the two time-series was taken into account by lagging the output response (SAT). Two reanalysis datasets 6 were investigated, ERA Interim and NCEP CDAS1.
We found that high shape disimilarity appears mainly in the tropics, with d i maps [Eq.
(1)] displaying well-defined struc- from the SAT anomalies, the tropical spatial patterns disappeared but those in the high-latitudes remained. This was interpreted as due to the fact that in high latitudes, mainly because of the presence of sea ice, there is a strong seasonality in variance that 6 remains even when the annual cycle is removed.
The entropy analysis also allowed to identify, in a well-defined region of the tropical western Pacific, a remarkable difference 8 between the ERA Interim and the NCEP CDAS1 data sets: in this region the datasets displays extreme values, which cause the pdf to be peaked in a narrow interval, which results in low entropy values. Therefore, entropy maps can be used for anomaly 10 detection and model inter-comparisons.
As future work, it would be interesting to analyze how the global patterns identified here will change under an scenario of 12 climate change. 
